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Abstract
Characteristic westerly sea breeze carries air over the Los Angeles Basin in Southern California to
the Inland Empire approximately 50 miles inland, directly impacting air quality in both of these two
highly polluted regions. As particles play a critical role in air quality and human health, this study
compares the bulk aerosol profiles of the Los Angeles pollution "source" and Inland Empire "receptor"
regions during the 2013 and 2014 NASA Student Airborne Research Program (SARP) campaigns
onboard the NASA DC-8 airborne laboratory. The source and receptor regions were characterized by
a series of missed approaches at the Los Angeles International Airport, Long Beach Airport, and Los
Alamitos Army Airfield (coastal sources) as well as the Ontario International Airport, San Bernardino
International Airport, and March Air Reserve Base (inland receptors). The aerosol populations in each
region were compared, and the changes evolved were analyzed alongside volatile organic compound
(VOC) concentrations from Whole Air Samples. Particle size distributions were collected using a
Droplet Measurement Technologies Ultra High Sensitivity Aerosol Spectrometer (DMT-UHSAS).
Aerosol concentration, mass, and mode diameter increased significantly between coastal pollution
source and inland pollution receptor regions in all cases, along with an increase in mode diameter.
The observed changes cannot be accounted for by aerosol aging over the Los Angeles basin alone,
suggesting new particle emission/formation over this region could be a dominating factor in the
changes. Positive correlations between particle increases at receptor sites and anthropogenic VOC
tracers will be discussed.
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Introduction
Atmospheric aerosols: an introduction
An aerosol is a small solid or liquid particle suspended in a gas, ranging in diameter from 2nm100µm. Atmospheric aerosol is generally classified into two source-distinct categories1: primarily
organic aerosol (POA) and secondary organic aerosol (SOA), though many sub-classifications exist
as well. POA is introduced into the atmosphere via direct emission from sources such as waves
crashing onto the shore2, motor traffic3, cooking, and biomass burning.4 POA generally contributes to
the larger (>800nm diameter) end of the aerosol spectrum5. SOA is formed from the nucleation of
low-volatility gases in the atmosphere6. These condensable gases are produced upon photooxidation of gaseous volatile organic compounds (VOCs). Aerosol is a key component of urban air
pollution and significantly impact both climate and human health, with specific effects depending on
particle composition and diameter.
Tropospheric aerosols scatter light, cooling the planet in an effect known as “radiative forcing.” 7
Aerosols also serve as cloud condensation nuclei5. In doing so, they alter cloud cover8 and reflective
properties9 as well as perturb the natural hydrological cycle, including the suppression of rainfall10. A
main component of urban smog, aerosols are responsible for reduced visibility in many heavilypopulated cities11–13. In Los Angeles, this effect regularly shortens the visible distance to less than
10km11,14,15—a more than ten-fold decrease from that of clean air, and a five-fold reduction from a
typical European city16.
Epidemiological studies have connected aerosols to a variety of severe health issues17–20. Multiple
studies nation-wide directly link temporal peaks in urban aerosol to increased mortality from
cardiovascular and respiratory illnesses21–23. In 1999, Etzel et al. correlated days with heightened
aerosol density to increases in cardio-pulmonary related high school absences24. Heightened aerosol
concentrations in diminish lung health and stunt lung development in children25,26 as well as induce
new cases of asthma and aggravate pre-existing bronchial conditions18. Recent studies have found
that aerosols containing ferrous and quinone species cause mitochondrial dysfunction27,28.
Biological responses to aerosols vary with particle size12,18. Toxicity generally increases with
decreasing diameter17,23,29,30. 90-99 percent of urban aerosol concentration resides in the 0-100nm
“ultrafine” range31–34; recent studies suggest this range may be especially harmful27,28. However,
ultrafine aerosol remains largely unregulated, in part due to the technical difficulty of measuring at
these diameters.
Southern California has some of the highest concentrations of ultra-fine aerosol in the country18 and
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regularly exceeds EPA standards21,35,36, with the 98th percentile of PM2.5 daily maxima in Los Angeles
exceeding the EPA standard of 35µg m -3 every year from 1999-20073.7 The US Environmental
Protection Agency (US EPA) estimates that 400,000 cases of respiratory illness in children could be
prevented annually in California if the new annual ultra-fine ambient aerosol average of <12µg m-3
were met38 and results from the California Children’s Health Aerosol Studies 18 suggest that the longterm benefits of complying with such regulations may be even greater than the current state
estimates38–40.

Given the pertinence of aerosol to climate, health, and corresponding regulations, monitoring urban
aerosol size distributions and concentrations is crucial. However, the complexity of atmospheric
interactions41,4243–50 and aerosol sources51 render models highly speculative52–54, and recent studies
have found that aerosol concentrations are often dramatically under-predicted37,55, Topographic
variability and complex human activity make Southern California aerosol particularly difficult to
predict. Few models can resolve different locations in the Los Angeles Basin1, though aerosol over
heavily traffic-influenced cities can be highly varied56–58. Thus, in-situ measurements of this area
remain critical for both health and climate safety.

Aerosol in Los Angeles and the Inland Empire

Figure I1. Westerly sea-breeze transports aerosol from Los Angeles to the Inland Empire. This aerosol
evolves during transport, and takes on new particles. New aerosol can be emitted from primary sources
such as cars or factories, or formed from condensing gases.
Characteristic westerly (eastern-moving) sea-breeze transports aerosol from coastal Los Angeles, an
aerosol source region, into the Inland Empire, an aerosol receptor (Figure I1). This movement covers
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approximately 50 miles, and takes between a day and a week6,59. With time and transport, this
aerosol evolves by coagulation60, chemical reactions61–66, and water and VOC condensation1,59. Thus,
aged aerosols trend towards larger average diameters and lower overall concentrations. 67 Aerosol at
a downwind receptor will contain this aged, initial source population, as well as a mix local particles,
and those incorporated during transport1.
Three past campaigns1,59,68 found significant increases in bulk aerosol between source and receptor
regions1,59, though the size-distribution of the receptor aerosol has varied between decades1,59,68, In
1987, the Southern California Air Quality Study (SCAQS) showed a distinctly bimodal population in
Riverside (a receptor region) with modes at approximately 250 and 650nm 68. In a later study in 1996,
Hughes et al. found only a single, larger mode at 500nm in Riverside 59. In 2001, Fine et al. once
again observed a bimodal population in the Inland Empire, but this time at smaller diameters: 45 and
140nm. All measurement were collected in the summer so it is unlikely that the changes are due to
seasonal variations, though long-term climatic changes69,70 could play a role.

Between major campaigns, this study provides an interim quantification of the size-distributions of
aerosol in the Los Angeles source and Inland Empire receptor regions, as well as an analysis of their
differences. We discuss these differences alongside a VOC analysis which compares the additional
amount of bulk anthropogenic pollution and photo-oxidized anthropogenic VOCs present at receptor
over source locations. Benzene and carbon dioxide are used to represent the total aerosol pollution at
different locations, whether introduced in the source region, receptor region, or during transport. Both
compounds are common anthropogenic emissions,71 and due to their long atmospheric lifetimes71,72
73,74

, would not react significantly during transport, and thus, increase with the introduction of new

anthropogenic pollution. The level of photo-oxidized anthropogenic VOCs are represented by
isopropyl nitrate. Isopropyl nitrate has no direct emission sources but is formed by the photo-oxidation
of anthropogenic VOCs, and is thought to have a positive, linear relationship with anthropogenic SOA
formation75. This VOC analysis is a simplified view of anthropogenic emissions and atmospheric
processing. It is discussed here to provide context for the observed changes in aerosol between
regions, rather than conclusions regarding their sources.
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Results and Discussion
All days of this study had warm, clear, sunny weather. Characteristic westerly flow was confirmed
using the NOAA HYSPLIT model as described in the methods section. No significant fires were
reported in either source or receptor regions on the days of this study. Two minor fires were present
in Central California in 2014, but were considered too small to contribute meaningfully to the studied
aerosol. All measurements both years were made between a Tuesday morning and Thursday
evening, avoiding the aerosol minimums often measured on Mondays resulting from the 24-hour
delay in aerosol transport and reduced weekend traffic1,59.

I.

Bulk aerosol of all measured sites

Source sites: Los Angeles, Los Alamitos, Long Beach
A typical aerosol population is log-normally size-distributed by both mass and concentration, and
atmospheric aerosol exhibits log-normality over certain diameter ranges, such as the sub-micron
range60. Source regions showed no distinct concentration modes in the measured 60-1000nm range
either year (Figure R1). What may be the upper tail of a peak was observed in the small-end of the
measured range in Los Angeles in 2013, and the largest measured concentration was at 60nm, the
lower-bound of the measured range (Figure R1, panel A). This is consistent with findings that typical
urban aerosol populations have concentration modes between 20-50nm31–34, but different than the
Long Beach aerosol measured by Hughes et al. in 199659 where particle concentrations reached
maxima in the 200-600nm range, and decayed to almost nothing by 60nm.

In 2014, the four source measurements had similar aerosol concentrations and size distributions.
Data from morning measurements were higher for both locations, consistent with previous studies of
the area1,68,76 and the increasing mixing layer depth through the day. All 2014 sources showed
moderate concentration maxima near 60nm and 200nm, with total concentrations in the measured
range between 13,840 particles cm -3 and 19,430 particles cm-3 (Table R1). This data suggests, like
previous studies31–34, that the majority of the Los Angeles aerosol may be in the especially toxic and
less-regulated <200nm diameter range.

In 2014, all source measurements had calculated mass peaks at approximately 300nm (Figure R1,
Panel D). Calculated particle mass for Los Angeles in 2013 had modes at approximately 200nm and
550nm (Figure R1, Panel B). Without knowing the composition of the measured aerosols, no
statement can be made regarding their source. Overall, mass peaks in this study reached maxima
between 15-25 ug m3, lower than the 50-80 ug m3 maxima measured in 1987 and 1996.
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Receptor sites: March (in Riverside), Ontario, San Bernardino
All receptor sites in 2013 and 2014 showed similar concentration distributions, with a single mode
between 70-90nm (Figure R1, Panels A and C), with one exception of a small second mode at 270nm
in Ontario in 2014. Concentrations were approximately three-fold higher in 2013 than 2014 (Table
R1). It is possible that a smaller, secondary mode is present below the measured range, though there
is no clear evidence of convolvement with a second, smaller peak by speculation (Figure R1, Panels
A and C). Bimodality has been observed in this region in the past, such as by Fine et al. in 2001, who
measured two distinct modes at 45nm and 140nm, though the relative heights of these modes were
heavily dependent on the time of day such that only minor bimodality was observed in the early
mornings and late at night1.

Overall, receptors in this study had more than double the mode concentrations observed by Fine et
al1 in 2001 at similar sampling sites, which never exceeded 140 particles cm-3 in Riverside and 310
particles cm-3 in Rubidoux. In 2013, the EPA 24-hour maximum of 35µg m3 was exceeded in March in
the morning, and save for the March measurement in 2014, all receptor sites exceeded the EPA 3year maximum of 12 µg m-3 (Table R1).

In 2013, calculated mass in Ontario, March in the afternoon, and San Bernardino reach a maximum
between 300-400nm, with more mass between 70-200nm than would be expected from a single lognormal distribution peaking at 300-400nm. The March morning mass distribution is bimodal, with one
peak at approximately 85nm, and another at 280nm. Mass bimodality in this area was also observed
by Hering et al in 1987 in August, but at larger diameters: 250nm and 650nm68.

Though total concentration and mass vary between 2013 and 2014, the diameter of the modes
remains relatively constant at receptor sites. This same consistency was observed in the summer of
the three preceding studies, and overall, both concentration and mass modes appear at smaller
diameters in this study than those preceding. The consistency in peak location in each study
regardless of total concentration or mass, as well as the discrepancies between studies conducted
approximately a decade apart, could suggest large-scale changes in aerosol processes in the Los
Angeles Basin.
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I.

Bulk aerosol of measured sites
B

C

D

2014

2013

A

Figure R1. Individual log-normalized concentration (dN/dlogDp) (A, C) and mass (B, D) distributions of bulk
aerosol populations for all missed approaches in 2013 (A, B) and 2014 (C, D).

Totals over measured range
Peak of concentration distribution
-3
-3
conc. (cm ) mass (µg m )
diameter at peak
conc. at peak
2013 Los Angeles
4,010
5.77
San Bernardino
13,840
22.33ǂ
87
550
March (PM)
14,450
15.02
74
470
Ontario
16,400
31.37
86
790
March (AM)
19,430
38.65ǂǂ
86
730
2014 Long Beach (AM)
1,230
6.63
Long Beach (PM)
1,870
3.90
Los Alamitos (PM)
2,150
6.51
Los Alamitos (PM)
1,840
6.15
March
70-75*
224**
5,630
10.26
Ontario
70-75*
188**
5,750
18.39ǂ
Table R1. Total aerosol concentration and mass, and peak aerosol diameter for 2013 missed
approaches. Source regions are shaded in grey, receptor regions are unshaded. Total values are sums
over the measured 60-1000nm range. Peak diameters determined from lognormal fit equations
calculated in Igor® Aerosol in source regions did not display a lognormal peak in the measured
diameters ǂ: Total masses in bold violate the EPA maximum not to be exceeded over a 3-year average.
ǂǂ: Total mass violates the EPA maximum not to be exceeded over a 24-hour average. *, **: due to
subtly bi-modal distributions, no lognormal fit could be resolved for the March and Ontario 2014 data.
The reported peak diameter range encompasses the maximum measured concentration (*) and
concentration at peak reported is the maximum concentration measured in the raw data (**).
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II.

Changes evolved between source and receptor regions

Receptor locations had higher particle concentrations and mass in the measured range at all
locations in both 2013 and 2014, with increases between 213 and 435 percent (Table R2). However,
given the possibility of large concentrations in source locations below the measured range, this
increase may not accurately represent changes to the entire aerosol populations. The largest
contributions to added concentration in all locations occur at small diameters, between 70-110nm
(Figure R2, panels A and C). A smaller, secondary concentration mode was observed at
approximately 250nm in Ontario in 2014.

The new particle concentrations at small diameters found in this study may indicate different several
things. It could come from the addition of fresh aerosol either in the source region or during transport,
directly emitted for formed. This peak could also be the aged source aerosol population67, smaller
than the measured range of this study. Without knowing the composition of the added particles, this
study cannot determine their source, though it is likely a mix of the above factors.

Total mass increases ranged from 77 to 637 percent (Table R2), which, given the minor mass
contributions of small-diameter aerosols, is likely representative of mass increases over the total
populations. The major mode for added mass in 2013 is in the 220-320nm range with a second,
minor mode between 80-120nm. The only exception to this trend is the March afternoon
measurement, where the smaller mode exceeds the larger (Figure R2, panel B). This could be due to
an exchange between POA (larger mode) and SOA (smaller mode) moving from morning to
afternoon, as was observed in Riverside by Fine et al. in 20011. Kim et al. also attributed a large
portion of the Riverside aerosol to local SOA77. However, this study makes no definitive statement
regarding the source of this fluctuation. In 2014 only one measurement was taken at each receptor
region, so no insight on these diurnal variations is available for that year.
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I.

Changes evolved between source and receptor regions
B

2013

A

D

2014

C

Figure R2. Differences in log-normalized concentration (dN/dlogDp, panels A, C) and mass (B, D)
distributions of bulk aerosol populations between source and receptor sites for all missed approaches in
2013 (A, B) and 2014 (C, D). Diameter ranges of all peaks are shaded for accentuation. In cases when more
than one trace corresponds to a single receptor region (March in 2013, both receptors in 2014), the area
between them is shaded.
Percent increase
Total increase
receptor
conc. (cm-3)
mass (µg m-3)
conc. (cm-3)
mass (µg m-3)
2013
San Bernardino
245
287
9,830
16.56
March (PM)
261
160
10,450
9.25
Ontario
435
637
17,430
36.71
March (AM)
314
424
12,570
24.42
2014
March
12.570
4.46
232
77
Ontario
17.430
12.59
213
217
Table R2. Differences in aerosol concentration and mass between individual source and receptor regions.
In 2014, when four source-region missed approaches were performed, reported values are averages over
all individual differences. In 2013 only one source-region missed approach was performed (LAX) so
reported values are exact differences.
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III.

VOC analysis for context

This study found a general positive correlation between the additional mass and additional bulk
pollution tracer levels measured at the receptor locations. A possible positive correlation was
observed between additional isopropyl nitrate and particle mass at the receptors. These results
indicate, as is expected, that the addition of particle mass between source and receptor regions is
positively correlated with increases in anthropogenic pollution, as well as the ambient levels of photooxidized anthropogenic pollution. This VOC data cannot determine whether the pollution or particle
mass was added in transport or at the receptor location.

Figure R3a. The general positive correlation between
amount of anthropogenic pollution tracers carbon dioxide
and benzene present in excess at each receptor site over
each source site, and amount of aerosol mass added
between the same two regions. Differences are normalized
by division over the largest total difference.

Figure R3b. A possible positive correlation between the
amount of isopropyl nitrate found in receptor sites over
source sites and the amount of mass added between
those same two locations.
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Conclusions
The NASA SARP 2013 and 2014 campaigns found universal increases in particle mass and
concentration between the Los Angeles source region and the Inland Empire receptor region in the
60-1000nm diameter range. 70-110nm diameter aerosol accounts for the majority of the observed
additions at receptor sites. The differences in receptor and source aerosol are likely a combination of
locally emitted and transported anthropogenic SOA and POA. In the source sites, no concentration
peak could be resolved, which suggests the presence of concentration modes below the 60nm
minimum measured in this campaign. Unlike previous studies, receptor region aerosols in this study
are unimodal, though a second mode may be present below the measured range. If this bimodality in
fact is the case, this study as well as three similar ones preceding, show a decreasing diameter trend
in Inland Empire aerosol. Given the enhanced toxicity of ultrafine aerosol, this is concerning and
merits further study.
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Methods
General considerations
Particle and VOC were collected onboard the NASA DC-8 Airborne Laboratory during the NASA
Student Airborne Research Program flight campaigns in June of 2013 and 2014. Flights were based
out of the NASA Armstrong Flight Research Center in Palmdale, California. Source and receptor
regions were characterized by averages over mixed-layer vertical profiles from individual missed
approaches (Figure M1) at six sampling sites, three in each region (Figure M2). Dates, times, and
locations of each measurement can be found in Table M1. Particle data were measured from a
continuous flow of inlet air. (See Instrumentation, pg. 17).
Characteristic westerly flow was confirmed for all locations and specific times of this study using
meteorological trajectories from the National Oceanic Atmospheric Administration Hybrid Single
Particle Lagrangian Integrated Trajectory (NOAA HYSPLIT) meteorological model using data sets
from the North American Mesoscale 12km resolution meteorological model (NAM12). Forward
trajectories were run at the time of each missed approach for each of three starting locations
independently, covering an approximately half-mile square over each source location to confirm the
westerly movement of the measured aerosol into the Inland Empire receptor region. Backward
trajectories were run for the receptor region missed approaches to confirm the coastal Los Angeles
origin of the measured aerosol by the same method. Aerosol measurements consider a low-elevation
window of air, from a series of rapid (1-2 minutes) descents from high elevations (>5,000 feet) to
ground level (<200 feet) and back up to high elevation; maneuvers known as “missed approaches.”
The coastal Los Angeles pollution source region was characterized by missed approaches at the Los
Angeles International Airport (LAX), Los Alamitos Army Airfield and Long Beach International Airport;
and the Inland Empire pollution receptor region, by the Ontario International Airport, San Bernardino
International Airport, and March Air Army Reserve in Riverside.
Table M1. Times and locations of missed approaches
Time of missed approach (PDT)
2013

2014

Sampling site

Location

Source/Receptor

June 18

9:45

Ontario

Receptor

June 19
June 19

9:54
10:11
17:19
17:44

March
San Bernardino
LAX
March

Receptor
Receptor
Source
Receptor

9:32
9:50
15:01
15:10
10:12

Los Alamitos
Long Beach
Los Alamitos
Long Beach
Ontario

Source
Source
Source
Source
Receptor

June 23
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Figure M1. A typical missed-approach flight path, shown above, surveys low
elevation air.

Figure M2. The studied area. Source and receptor regions (blue shaded), sampling sites (red
stars) and 12-hour NOAA HYSPLIT trajectories for the days of the flights (red lines), are indicated.
Restricting the data window to time in the mixed layer
Potential temperature is constant in the mixed layer. Potential temperature was plotted against radar
altitude for all missed approaches. Boundaries of the plateau were graphically determined, and
converted to a time-window. Only data from this time-window were considered (Figure M4).
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Potential temperature was calculated by:

𝑅

𝑃𝑜 𝐶𝑝
𝜃 = 𝑇( )
𝑃

Po = standard reference pressure, 1000 milibars
P = ambient fluid pressure
R = the gas constant, 8.31445 J K-1 mol-1
Cp = 29.07 K mol J-1, the specific heat capacity
of air at a constant pressure

Equation 1. Potential temperature

Mixed layer depths were compared with the projected depths for the time and location of the missed
approaches from NOAA HYSPLIT meteorological trajectories using data sets from the NAM12km
model.

Data in mixed layer

Figure M3. The mixed layer, a low-elevation layer of air that is constantly being stirred by turbulent
eddies, compared to a plot of potential temperature versus radar altitude, illustrating the characteristic
plateau in potential temperature in the mixed layer. Only data in shaded region was considered.
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Particle data
Instrumentation: the DMT-UHSAS
Particle measurements were made using a Droplet Measurement Technologies Ultra High Sensitivity
Aerosol Spectrometer (DMT-UHSAS), which measures the number of particles within pre-specified
diameter-ranges. It consists of five subunits (Figure M4a).:
(1) Optical system (Figure M4b,c): particles are illuminated by and scatter a Nd3+:YLG solid-state
laser build around an Nd3+:YLG active laser crystal on a 1054nm laser line. Scattering is detected by
two pairs of Mangin collection optics. The primary scattering detection system images onto an
avalanche photodiode (APD) to measure the smallest particles. Larger particles are measured by the
secondary scattering system, which images to a low-gain PIN photodiode. Each detector is amplified
in a current-to-voltage stage and fed into the analog electronics system.
(2) Flow system: a pumps pulls on an exhaust jet, pulling inlet jet across the laser at a user-fixed flowrate. The inlet jet is focused and directed through the optical-unit laser.
(3) Analog electronics system: amplifies and processes the particle signal from both ADP and PIN
photodiodes. Particle signal is fed into two detectors, each with two different gains (Table M2). The
gain ratios amplify the pure electrical signal, and low-pass filter the data.
Table M2. Gains of the two DMT-UHSAS
detectors
High gain
Low gain
Primary detector
Secondary detector

G3
G1

With gain ratios:
G3
G2

= 50 ,

G2
G1

=

G1
G0

= 20

G2
G0

(4) Digital electronics system: converts each of the four gain stages from analog to digital, and
analyzes particle signals and maps to one of up to 99 pre-specified size-bins between 50nm and
1000nm diameter
(5) On-board PC monitor: provides a user-interface.
This study measured particles in the 60-1000nm diameter range in 99 logarithmically-spaced size
bins. Data were collected at a frequency of 10Hz.
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Figure M4a. Box-schematic of the DMT-UHSAS, with the five subunits labeled.

Figure M4b. Top-view of optical block subunit

Figure M4c. Side-view of optical block subunit
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Particle data processing
Particle data were processed using MatLab 7 and IgorPro®, in four general stages, outlined below.
(i) Removing rare erroneous measurements: Within the particle data, there were two minor sources of
erroneous values: missed measurements of a single size-bin in a single scan, recorded as “error,”
and falsely inflated individual measurements of small-diameter (60-150mn) particles due to minor
instrument drift between calibrations. Both sources of erroneous values are expected from the DMTUHSAS and highly infrequent, accounting for less than 0.1% of the total data set. Individual missed
measurements were replaced with the average value of the measurements in each of the adjacent
size bins. i.e. if no measurement was recorded for the 65nm size bin, the value of this bin was
assigned the average of the values in the 64 and 66nm size bins. Typical particle maxima did not
exceed 10,000 counts after log-normalization. Thus, any measurement over 10,000 particles was
considered false inflated and reassigned a value of zero.
(ii) Converting particle counts to concentration and mass: Particle counts were converted to
concentration by the following formula:

𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑢𝑛𝑡𝑠 1𝑚𝑖𝑛 10𝑠𝑎𝑚𝑝𝑙𝑒𝑠
=
∗
∗
𝑠𝑐𝑐𝑚
𝑠𝑐𝑐𝑚
60𝑠𝑒𝑐
𝑠𝑒𝑐
50 (
)
𝑚𝑖𝑛
Equation 2. Conversion from particle flow to concentration

Particle mass was calculated from particle concentration assuming spherical particles with a density
of 1 g sccm-1. This density is precedented in literature for sub-micron particles the region of this study,
as is a relatively consistent density of aerosol in this location and diameter range.68
(iii) Averaging the mixed-layer data window: All of the data presented in this study are averages over
a single missed approach, spanning one to two minutes of data, and 600-1200 individual DMTUHSAS scans. Because of the homogenous nature of the mixed layer, it was expected that averages
over these windows would be representative of the particle population throughout a missed approach.
To validate this, particle peak diameter and total particle count overall size bins were plotted against
time through each missed approach. As anticipated, both total particle population and peak diameter
were consistent throughout the mixed layer for the missed approaches.
(iv) Fitting averaged traces to logarithmic curves to determine peak counts: The concentrations of
typical, poly-disperse aerosol populations are normally distributed over a logarithmic diameter scale.
Concentrations discussed in this study are log-normalized, as is typical for aerosol studies. Lognormal concentrations are labeled as dN/dlogDp. Normalized concentration was calculated by the
standard formula:
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𝑑𝑁
𝑑𝑁
=
𝑑𝑙𝑜𝑔𝐷𝑝 𝑙𝑜𝑔𝐷p,u − 𝑙𝑜𝑔𝐷𝑝, 𝑙

dN = measured particle concentration
Dp,u = upper bound diameter
Dp,l = lower bound diameter

Equation 3. Log-normalized particle concentration

Next, log-normal curves were fit to the data using a normal curve equation modified for a logarithmic
x-scale, to account for the log-normal nature of aerosol distributions. Lognormal curve fitting was
done using both MATLAB 7 polyfit and Igor® QuickFit function to confirm fit accuracy. All fits used the
standard lognormal equation:

2

x
log ( )
𝑑𝑁
𝑥𝑜
= 𝑦𝑜 + 𝐴[− (
) ]
𝑑𝑙𝑜𝑔𝐷𝑝
𝑤𝑖𝑑𝑡ℎ

x = particle diameter
xo = mean particle diameter = peak particle
diameter
width = the full width of the normal curve at half
of its maximum value
A = amplitude scaling factor
yo = added constant dN/dlogDp, theoretically = 0

Equation 4. Log-normal fit-curves

Source regions did not peak in the measured range, and were not fit to log-normal curves. No
maximum was determined for these measurements.
Comparing individual differences between sources and receptors
Changes in the aerosol between source and receptor regions are the mathematical differences
between individual source and receptor regions measured in a particular year.
VOC Measurements: Whole Air Samples
VOC levels were measured from Whole Air Samples taken simultaneously with particle data during
missed approaches. For each sample, stainless steel cans were evacuated and then filled to a
pressure of 30psi from a flow of ambient air inlet from immediately outside of the DC-8. During
missed approaches, cans were filled at approximately 60 second intervals, each representing
approximately 30 seconds or air time, or a 1-3km flight-path. Within two weeks of collection, VOC
levels were measured in the lab via gas chromatography (GC). The GC system used comprised of
three high-pressure 5890 GCs. Samples were split to 6 different columns and then sent to one of
three possible detectors: flame ionization for benzene, mass spectrometry for isopropyl nitrate, and
thermal conductivity for carbon dioxide. Values reported in this study are averages over all cans taken
within the mixed layer during a single missed approach. All VOC data in this study is courtesy of the
Rowland-Blake Laboratories at the University of California Irvine.
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Differences between source and receptor regions were calculated by subtracting the total particle
mass (hypothesized dependent variable), or the measured VOC level (independent variable), from a
single source measurement from a single receptor measurement for all source-receptor combinations
within a given year. Benzene and carbon dioxide differences were then normalized by division over
the largest measured difference.
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